The incidence of diabetes mellitus is increased in patients with liver cirrhosis. Oltipraz is currently in trials to treat patients with liver fibrosis and cirrhosis induced by chronic hepatitis types B and C and is primarily metabolized via hepatic cytochrome P450 isozymes CYP1A1/2, 2B1/2, 2C11, 2D1 and 3A1/2 in rats. We have studied the influence of diabetes mellitus on pharmacokinetics of oltipraz and on expression of hepatic, CYP1A, 2B1/2, 2C11, 2D and 3A in rats with experimental liver cirrhosis. Experimental approach: Oltipraz was given intravenously (10 mg·kg ) to rats with liver cirrhosis induced by N-dimethylnitrosamine (LC rats) or with diabetes, induced by streptozotocin (DM rats) or to rats with both liver cirrhosis and diabetes (LCD rats) and to control rats, and pharmacokinetic variables measured. Protein expression of hepatic CYP1A, 2B1/2, 2C11, 2D and 3A was measured using Western blot analysis. Key results: After i.v. or p.o. administration of oltipraz to LC and DM rats, the AUC was significantly greater and smaller, respectively, than that in control rats. In LCD rats, the AUC was that of LC and DM rats (partially restored towards control rats). Compared with control rats, the protein expression of hepatic CYP1A increased, that of CYP2C11 and 3A decreased, but that of CYP2B1/2 and 2D was not altered in LCD rats.
Introduction
Oltipraz [5-(2-pyrazinyl)-4-methyl-1,2-dithiol-3-thione], a synthetic dithiolthione, was developed by Rhône-Poulenc (Vitry-sur-Seine, France) for the treatment of schistosomiasis (Bueding et al., 1982) . After single p.o. administration of oltipraz to normal subjects and subjects with increased risk for colorectal carcinoma, the terminal half-lives ranged from 4.16 h to 11.1 h (Gupta et al., 1995) and from 22.7 h to 9.3 h (O'Dwyer et al., 2000) respectively. After 6 months p.o. administration of oltipraz to patients, the side-effect profile was: gastrointestinal problems, photosensitivities/heat intolerance, and neurological problems (Benson et al., 2000) . Based on the therapeutic effects of oltipraz on rats with liver cirrhosis (LC rats) (Kang et al., 2002; Bae et al., 2006a) , oltipraz is being evaluated in phase II clinical trial in South Korea as an p.o. agent to treat patients with liver fibrosis and cirrhosis induced by chronic hepatitis types B and C. Bae et al. (2005a) reported that oltipraz is primarily metabolized via hepatic cytochrome P450 (CYP) 1A1/2, 2B1/2, 2C11, 2D1 and 3A1/2, but not via CYP2E1, in male Sprague-Dawley rats. Kim et al. (2005) reported that in rats with diabetes mellitus induced by streptozotocin (DM rats), the protein expression and mRNA levels of hepatic CYP1A2, 2B1/2 and 3A1 increase, whereas those of CYP2C11 decrease. Similar results have also been reported in other studies (Yamazoe et al., 1989; Shimojo et al., 1993; Raza et al., 2000; Sindhu et al., 2006) . Sakuma et al. (2001) reported that the protein expression of CYP2D1 is not altered in DM rats. However, to our knowledge, no studies on changes in hepatic CYP isozymes in LC rats, with or without diabetes mellitus, have yet been reported.
Intestinal CYP isozymes have also been reported to be changed in DM rats. For example, activity of intestinal CYP1A and 2B increased (Al-Turk et al., 1981) but that of CYP3A1/2 decreased (Borbás et al., 2006) . In rat intestine, mostly CYP1A and 3A are expressed (Kamninsky and Zhang, 2003) , whereas CYP2D is little expressed (Aiba et al., 2003) and CYP2B2, 2C11 and 3A2 are not detectable (Kamninsky and Zhang, 2003) .
The pharmacokinetics of oltipraz are changed in DM rats (Bae et al., 2006b ) and LC rats (Bae et al., 2004; 2006a) but there is no data on pharmacokinetics in LCD rats. Bae et al. (2005b) reported that the hepatic first-pass effect of oltipraz after absorption into the portal vein is 40% and intestinal first-pass effect is 32% in rats. The hepatic first-pass effect of 40% is equivalent to 25% of the oral dose considering the 32% of the intestinal first-pass effect.
The association between liver disease and diabetes mellitus is well known (Vidal et al., 1994; Kwon, 2003; Moscatiello et al., 2007) and the overall prevalence of diabetes mellitus in patients with liver cirrhosis is significantly higher than that expected.
Pharmacokinetic studies on oltipraz in patients with diabetes mellitus and liver cirrhosis, alone or combined, have not been performed. Hence, the objectives of the current studies were to evaluate, using a rat model, the effects of DM and LC, alone and in combination (LCD), on the pharmacokinetics of oltipraz. Changes in the protein expression of hepatic CYP1A, 2B1/2, 2C11, 2D and 3A in rats with LC and DM, alone and in combination (LCD) using Western blot analysis, were also investigated.
Methods

Animals
The protocols for the animal studies were approved by the Animal Center and Use Committee of the College of Pharmacy of Seoul National University, Seoul, South Korea. Male Sprague-Dawley rats (4-5 weeks old, weighing 180-200 g) were purchased from the Charles River Company Korea (Orient, Seoul, South Korea). They were randomly divided into three disease groups (LC, DM and LCD) and a control group. They were maintained in a clean room (Animal Center for Pharmaceutical Research, College of Pharmacy, Seoul National University) at a temperature of 22 Ϯ 2°C with 12 h light (0700-1900 h) and dark (1900-0700 h) cycles and a relative humidity of 55 Ϯ 5%. Rats were housed in metabolic cages (Tecniplast, Varese, Italy) under filtered pathogen-free air and with food (Sam Yang Company, Pyungtaek, South Korea) and water available ad libitum.
Induction of LC by N-dimethylnitrosamine injection
Freshly prepared N-dimethylnitrosamine (diluted to 0.01 mg·mL -1 in 0.9% NaCl-injectable solution) was injected i.p. at a dose of 0.01 mg (1 mL)·kg -1 on three consecutive days per week for 4 weeks (Ohara and Kusano, 2002; Bae et al., 2004; 2006a) . On day 29, one dose of citrate buffer (pH 7.4; 1 mL·kg -1 ) was injected via the tail vein. On day 36, the rats were treated with oltipraz. Laboratory rats with N-dimethylnitrosamine-induced liver cirrhosis have clinical features similar to those of humans with liver cirrhosis such as increased mortality, hepatic parenchymal cell destruction, formation of connective tissue and nodular regeneration (Kang et al., 2002) . Liver cirrhosis in LC rats was evident by liver histological analysis, which revealed extensive micronodular cirrhosis with regenerative hepatocellular changes, and bile duct proliferation was also detected (Bae et al., 2004; 2006a) . It has also been reported that N-dimethylnitrosamineinduced liver cirrhosis in rats is a reproducible effect (Jenkins et al., 1985; Jezequel et al., 1987; Kang et al., 2002) . (Kim et al., 2005) . On day 36, the rats were treated with oltipraz.
Induction of DM by streptozotocin injection
Induction of LCD with N-dimethylnitrosamine and streptozotocin injections
Liver cirrhosis was induced by intraperitoneal injection of N-dimethylnitrosamine as described above. Then, on day 29, diabetes mellitus was induced by injection of streptozotocin via the tail vein as described above. On day 36, the rats were treated with oltipraz.
Control rats
Control rats were injected intraperitoneally with 0.9% NaClinjectable solution (1 mL·kg -1 ) on three consecutive days per week for 4 weeks. On day 29, one dose (1 mL·kg -1 ) of citrate buffer (pH 4.5) was administered via the tail vein. On day 36, the rats were treated with oltipraz.
During the pretreatment, food and water were available ad libitum to all rats. Immediately before the experiment, blood glucose levels in all rats were measured using the Medisense Optium kit (Abbott Laboratories, Bedford, MA), and rats with blood glucose levels greater than 13.9 mmol·L -1 were chosen as diabetic rats (DM and LCD rats).
Preparation of hepatic and intestinal microsomes
The procedures used for the preparation of hepatic (Bae et al., 2004; 2005a; 2006b ) and intestinal (Peng et al., 2004) microsomes from LC, DM, LCD and control rats (n = 4-6, each) were similar to reported methods. Hepatic and intestinal microsomes were stored at -70°C until use. Protein contents in hepatic and intestinal microsomes were measured using the method of Bradford (1976) .
Immunoblot analyses of hepatic CYP1A, 2B1/2, 2C11, 2D and 3A The procedures used were similar to a reported method . Hepatic microsomes were resolved by sodium dodecyl sulphate (SDS) gel electrophoresis on a 7.5% polyacrylamide gel (10 mg protein per lane; n = 3, each). Proteins were transferred to a nitrocellulose membrane (Bio-Rad Laboratories) that was then blocked for 1 h in 5% milk powder in phosphate-buffered 0.9% NaCl-injectable solution containing 0.05% (v/v) Tween 20 (PBS-T). For immunodetection, blots were incubated overnight at 4°C with rabbit anti-human CYP1A, 2B1/2, 2C11, 2D and 3A antibodies (diluted 1:10 000 in PBS-T containing 5% bovine serum albumin), followed by incubation for 1 h at room temperature with horseradish peroxidase-conjugated goat anti-rabbit secondary antibody (diluted 1 : 10 000 in PBS-T containing 5% milk powder). Hepatic CYP1A, 2B1/2, 2C11, 2D and 3A were detected by enhanced chemiluminescence on Kodak X-OMAT film and quantified by densitometry with a microcomputer imaging device (model M1; Imaging Research, St. Catharines, Ontario, Canada). The b-actin band was used as a loading control. We performed calibration assays in some of the replicate blots to ensure the linearity of band intensity quantification.
Measurement of V max, Km and CLint for the disappearance of oltipraz in hepatic and intestinal microsomes
The procedures used were similar to a reported method (Ahn et al., 2008) . The Vmax (the maximum velocity) and the Km (the apparent Michaelis-Menten constant; the concentration at which the rate is one-half of the Vmax) for the disappearance of oltipraz in LC, DM, LCD and control rats (n = 4-6, each) were determined after incubating the above microsomes (equivalent to 0.5 and 0.1 mg protein for hepatic and intestinal microsomes respectively), a 5 mL aliquot of dimethylsulphoxide containing final oltipraz concentrations of 2.5, 5, 10, 20, 50 and 100 mmol·L -1 (hepatic microsomes) or 1, 2.5, 5, 7.5, 10 and 20 mmol·L -1 (intestinal microsomes), and 0.1 mol·L
phosphate buffer (pH 7.4) containing a 50 and 25 mL aliquot (for hepatic and intestinal microsomes respectively) of 1 mmol·L -1 NADPH in a final volume of 0.5 and 0.25 mL (for hepatic and intestinal microsomes respectively) by adding 0.1 mol·L -1 phosphate buffer (pH 7.4) in a water-bath shaker [kept at 37°C, 50 oscillations·min -1 (opm)]. All of the above microsomal incubation conditions were linear. The reaction was terminated by adding 1 mL of acetonitrile after 5 min incubation for both hepatic and intestinal microsomes. Oltipraz was determined using a reported HPLC method (Bae et al., 2001) . The kinetic constants (Km and Vmax) for the disappearance of oltipraz were calculated using a non-linear regression method (Duggleby, 1995) . The intrinsic clearance for the disappearance of oltipraz (CLint) was calculated by dividing the Vmax by the Km.
i.v. study
The procedures used for the handling of rats including the cannulation of the carotid artery (for blood sampling) and the jugular vein (for drug administration in the intravenous study) were similar to methods previously reported (Kim et al., 1993) .
Oltipraz, suspended in PEG 400: distilled water (40:60, v/v) (Bae et al., 2004; 2005a-c; 2006a,b) at a dose of 10 mg (2 mL)·kg -1 was infused for 1 min via the jugular vein of rats in each group (n = 7, 8, 11 and 8 for the LC, DM, LCD and control rats respectively). A blood sample (approximately 0.12 mL) was collected via the carotid artery at 0 (control), 1 (end of the infusion), 5, 15, 30, 60, 90, 120, 180, 240 and 360 min after the start of the i.v. infusion of oltipraz. Each blood sample was immediately centrifuged and a 50 mL aliquot of each plasma sample was stored at -70°C for later analysis by HPLC. The procedures used for the preparation and handling of the 24 h urine (Ae0-24 h) samples and gastrointestinal tract (including its contents and faeces) samples at 24 h (GI24 h) were similar to reported methods (Bae et al., 2004; 2005a-c; 2006a,b) .
p.o. study
Oltipraz (the same suspension used in the i.v. study) at a dose of 30 mg (3 mL)·kg -1 was administered orally using a feeding tube to rats in each group (n = 8, 9, 4 and 8 for the LC, DM, LCD and control rats respectively). A blood sample was collected at 0, 15, 30, 60, 90, 120, 180, 240, 360, 480, 600, 720 and 960 min after the p.o. administration of oltipraz. Other procedures were similar to those described above for the i.v. study.
Measurement of rat plasma protein binding of oltipraz using equilibrium dialysis
Binding of oltipraz to fresh plasma from LC, DM, LCD and control rats (n = 5, each) was measured using equilibrium dialysis . Plasma (1 mL) was dialysed against 1 mL of isotonic Sørensen phosphate buffer (pH 7.4) containing 3% (w/v) dextran ('the buffer') to minimize volume shift (Boudinot and Jusko, 1984) in a 1 mL dialysis cell (Fisher Scientific, Fair Lawn, NJ) fitted with a Spectra/Por 4 membrane (mol. wt. cutoff 12-14 kDa; Spectrum Medical Industries Inc., Los Angeles, CA). It took 8 h incubation to reach equilibrium between 'the buffer' and plasma compartments, and the binding values were not influenced up to 24 h incubation. Thus, 24 h incubation was employed in the present study. The binding of oltipraz to 4% human serum albumin was independent of oltipraz concentrations ranging from 1 to 100 mg·mL -1 . Thus, a 10 mg·mL -1 was chosen in the present plasma protein binding study. Total protein contents in plasma from control, LC, DM and LCD rats were 5.5 Ϯ 0.14%, 4.2 Ϯ 0.34%, 5.2 Ϯ 0.53% and 4.6 Ϯ 0.54%, respectively, and the corresponding values for albumin were 3.4 Ϯ 0.12%, 2.5 Ϯ 0.31%, 3.3 Ϯ 0.30% and 2.9 Ϯ 0.14% respectively (Ahn et al., 2008) .
HPLC analysis of oltipraz
Concentrations of oltipraz in the samples were determined using an HPLC method (Bae et al., 2001) . Briefly, a 100 mL Pharmacokinetics of oltipraz in LCD rats CY Ahn et al aliquot of acetonitrile was added to deproteinize a 50 mL aliquot of sample. After vortex-mixing and centrifugation (16 000¥ g for 1 min), a 50 mL aliquot of the supernatant was directly injected onto a reversed-phase (C18) HPLC column. The mobile phase, acetonitrile: 0.5 mmol L -1 ammonium acetate [55:45 (v/v) for both rat plasma and gastrointestinal tract samples, and 45:55 (v/v) for the rat urine samples], was run at a flow rate of 1.5 mL·min -1 , and the column eluent was monitored using an ultraviolet detector at 305 nm at room temperature. The retention time of oltipraz was approximately 5.8 min in both rat plasma and gastrointestinal tract samples, and 8.6 min in rat urine samples. The detection limits of oltipraz in rat plasma and urine samples were 20 and 50 ng·mL -1 respectively. The mean within-day coefficients of variation (CV) in rat plasma and urine samples were 2.29% and 1.01%, respectively, and the corresponding between-day CVs of the analysis of the same samples on consecutive 3 days were 3.37% and 1.51% respectively. As oltipraz in solution was reported to be photodegraded (Christensen and Malone, 1992) , all samples in the present study were covered (or wrapped) with aluminum foil or kept in the dark during the experiment or when they are not in use.
Pharmacokinetic analysis
The total area under the plasma concentration-time curve from time zero to time infinity (AUC) was calculated using the trapezoidal rule-extrapolation method (Chiou, 1978) . The area from the last datum point to time infinity was estimated by dividing the last measured plasma concentration by the terminal-phase rate constant.
Standard methods (Gibaldi and Perrier, 1982) were used to calculate the following pharmacokinetic parameters using a non-compartmental analysis (WinNonlin®; Pharsight Corporation, Mountain View, CA): the time-averaged total body clearance (CL), the terminal half-life (t 1/2), the first moment of AUC (AUMC), the mean residence time (MRT), the apparent volume of distribution at steady state (Vss) and the extent of absolute oral bioavailability (F) (Kim et al., 1993) . The peak plasma concentration (Cmax) and time to reach Cmax (Tmax) were directly read from the experimental data.
Statistical analysis
A P-value < 0.05 was deemed to be statistically significant using a Duncan's multiple range test with the Statistical Package for the Social Sciences (SPSS) posteriori analysis of variance (ANOVA) among the four (or three) means for the unpaired data. All data are expressed as mean Ϯ SD. Louis, MO). Polyethylene glycol 400 (PEG 400) and N-dimethylnitrosamine were products from Duksan Chemical Company (Seoul, South Korea) and Tokyo Kasei Kogyo Company (Tokyo, Japan) respectively. Polyclonal rabbit antihuman CYP1A, 2B1/2, 2C11, 2D and 3A antibodies and horseradish peroxidase-conjugated goat anti-rabbit secondary antibody were purchased from Detroit R&D (Detroit, MI) and Bio-Rad Laboratories (Hercules, CA) respectively. Enhanced chemiluminescence reagents were products from Amersham Biosciences Corporation (Piscataway, NJ). Other chemicals were of reagent or HPLC grade.
Results
Protein expression of hepatic CYP1A, 2B1/2, 2C11, 2D and 3A
The protein expression of hepatic CYP1A, 2B1/2, 2C11, 2D and 3A in control, DM, LC and LCD rats is shown in Figure 1 . In DM rats, the protein expression of CYP1A, 2B1/2, 2D and 3A was significantly increased, but that of CYP2C11 was significantly decreased, compared with control rats. In LC rats, the protein expression of CYP1A, 2B1/2, 2C11, 2D and 3A was significantly decreased, compared with control rats. In LCD rats, the protein expression of CYP1A was significantly increased, that of CYP2C11 and 3A was significantly decreased, and that of CYP2B1/2 and 2D was comparable to control values.
Vmax, Km and CLint for the disappearance of oltipraz in hepatic and intestinal microsomes
The Vmax, Km and CLint for the disappearance of oltipraz in hepatic microsomes from the four groups of rats are listed in Table 1 . The Vmax was significantly different in each group, increasing in the order LC < LCD < control < DM. However, the Km values were not significantly different among the four groups of rats. Thus, the affinity of the hepatic enzyme(s) for oltipraz in the liver is not changed in DM, LC or LCD rats. As a result, the CLint showed the same trends as shown in Vmax, and the overall formation of oltipraz metabolite(s) in the liver (Bieder et al., 1983) was the greatest in DM rats and the lowest in LC rats. Total hepatic protein was significantly different among control rats, DM rats, and LC and LCD rats.
The Vmax, Km and CLint for the disappearance of oltipraz in intestinal microsomes from four groups of rats are also listed in Table 1 . Compared with control rats, the Vmax was significantly slower in LCD rats (60% decrease). Compared with control rats, the Km was significantly lower in DM rats (60% decrease). The CLint was significantly slower (31% and 44% decrease respectively) in LC and LCD rats (not significantly different between LC and LCD rats), but was significantly faster (35% increase) in DM rats, all relative to control values. This suggests that the formation of oltipraz metabolite(s) in the intestine increased in DM rats, but decreased in LC and LCD rats. The total intestinal protein was comparable among the four groups of rats.
Rat plasma protein binding of oltipraz
The binding values of oltipraz to fresh plasma from four groups of rats (n = 5, each) are 88 Ϯ 2% (control rats), 70 Ϯ 5% (LC rats), 83 Ϯ 3% (DM rats) and 80 Ϯ 3% (LCD rats). Only Immunoblotting of hepatic CYP1A, 2B1/2, 2C11, 2D and 3A in LC, DM, LCD and control rats (A). Representative Western blots for each hepatic CYP isoform studied. The b-actin band was used as a loading control. (B). Summary data from the Western blots. The protein expression in LC DM and LCD groups was expressed in terms of that in control rats, set to 100%. Data are presented as mean Ϯ SD and values with different marks (*, † , § , # ) are significantly different (P < 0.05). (i) For CYP1A, all three experimental groups were different from control and each group was significantly different; (ii) For CYP2B1/2, only the DM group and the LC group were significantly different from control and the LCD groups; (iii) For CYP2C11, all three experimental groups were different from control and the LC group was different from the DM and LCD groups; (iv) For CYP2D, the DM and the LC groups were significantly different from control and the LCD groups (P < 0.05); and (v) For CYP3A, all three experimental groups were different from control (*P < 0.05) and the DM group was significantly different from the LC and LCD groups. Data are expressed as mean Ϯ SD (n = 4-6, each). *Each group was significantly different (P < 0.05).
#
Control and DM groups were significantly different from LCD and LC groups (P < 0.05). † Significantly different (P < 0.05) from control. CY Ahn et al the value in LC rats was significantly different from those in the other groups and this could be at least partly due to significantly lower albumin concentrations in plasma from LC rats (Ahn et al., 2008) .
Pharmacokinetics of oltipraz in LCD rats
Pharmacokinetics of oltipraz after i.v. administration
The mean arterial plasma oltipraz concentration-time profiles for the i.v. administration of oltipraz (10 mg·kg -1 ) to LC, DM, LCD and control rats are shown in Figure 2 . The relevant pharmacokinetic parameters are listed in Table 2 . Compared with control rats, the AUC was significantly greater, CL was significantly slower, terminal t1/2 and MRT were significantly longer, and Vss was significantly smaller in LC rats. The CL was significantly faster in DM rats than that in control rats. Interestingly, CL, terminal t1/2 and MRT were similar for LCD and control rats, but Vss in LCD rats was significantly smaller than that in control rats. Oltipraz was below the detection limit in the 24 h urine samples (Ae0-24 h) and gastrointestinal tract (including its contents and faeces) samples at 24 h (GI24 h) for all rats.
Pharmacokinetics of oltipraz after p.o. administration
The mean arterial plasma oltipraz concentration-time profiles for oltipraz following oral administration of 30 mg·kg -1 to LC, DM, LCD and control rats are shown in Figure 3 . The relevant pharmacokinetic parameters are listed in Table 3 . Compared with control rats, the AUC was significantly greater, terminal t1/2 was significantly longer, and Cmax was significantly lower in LC rats. Compared with control rats, the AUC was significantly smaller and C max was significantly lower in DM rats. Interestingly, the terminal t1/2 in LCD rats was similar to that in control rats and AUC in LCD rats was in between LC and DM rats. The F values were in the order, LC > LCD, control > DM groups. Bae et al. (2005c) reported that the pharmacokinetic parameters of oltipraz (such as AUC, terminal half-life, MRT, Vss, CL and/or CLR) were dose-independent after i.v. (at doses of 5-20 mg·kg -1 ) and p.o. (at doses of 25-100 mg·kg -1 ) administration to rats. Thus, the 10 mg (for intravenous study) and 30 mg (for oral study) of oltipraz were chosen for this study. Bae et al. (2005b) also reported that the non-renal clearance of oltipraz could represent the metabolic clearance of the drug in rats. In the present study, oltipraz was below the detection limit in the 24 h urine samples (Table 2) . Thus, the CL of oltipraz listed in Table 2 could represent the metabolic clearance of the drug in rats. Additionally, changes in the CL of oltipraz could be due to the changes in the metabolism of the drug.
Discussion
In LC rats, the AUC of i.v. oltipraz was significantly greater (113% increase) than that in control rats, possibly as a result of the significantly slower CL of oltipraz (52.7% decrease) (Table 2) , as reported earlier (Bae et al., 2004) . The slower CL could be supported by significantly slower (71% decrease) hepatic CL int for the disappearance of oltipraz (Table 1) and slower hepatic blood flow rate (Goeting et al., 1986) than those in control rats (Wilkinson and Shand, 1975) , because oltipraz has an intermediate hepatic extraction ratio in rats (Bae et al., 2005b) . Goeting et al. (1986) reported that the hepatic blood flow was lower in rats with liver cirrhosis induced by carbon tetrachloride. The slower hepatic CLint was attributable to a decreased protein expression of hepatic CYP1A, 2B1/2, 2C11, 2D and 3A in LC rats (Figure 1) . Moreover, the hepatic protein content in LC rats was significantly lower (68% decrease) than in control rats (Table 1) . However, in LC rats, the free fraction of oltipraz in plasma was clearly greater (150% increase) than that in control rats.
In LC rats, the AUC of p.o. oltipraz was also significantly greater (184% increase) than that in control rats (Table 3) , as reported in other studies (Bae et al., 2004; 2006a) . However, this was not likely due to the increased gastrointestinal absorption of oltipraz in LC rats. The 'true' fractions of the dose unabsorbed ('F unabs') after p.o. administration of oltipraz were estimated using the equation of Lee and Chiou (1983) . The 'Funabs' values thus estimated were 3.68% and 4.26% for control and LC rats respectively. The 184% increase in p.o. AUC (Table 3) was considerably greater than 113% increase in i.v. AUC (Table 2 ). This could have been due to inhibited intestinal metabolism of oltipraz in addition to inhibited hepatic metabolism of oltipraz, compared with control rats. The decreased intestinal metabolism of oltipraz in LC rats could be supported by significantly slower (31% decrease) intestinal CLint than that in control rats (Table 1) , because oltipraz is close to a low intestinal clearance drug in rats (Bae et al., 2005b) . The above results could explain somewhat greater F value in LC rats than that in control rats (Table 3) . 
Pharmacokinetics of oltipraz in LCD rats
1024 CY Ahn et al In DM rats, the AUC of i.v. oltipraz was significantly smaller (36.9% decrease) than that in control rats, possibly as a result of the significantly faster CL (60.0% increase) in DM rats (Table 2) , as reported in other studies (Bae et al., 2006b) . The faster CL of oltipraz could be supported by significantly faster (35.9% increase) hepatic CLint for the disappearance of oltipraz (Table 1 ) and higher hepatic blood flow (Sato et al., 1991) than those in control rats. The faster hepatic CLint was attributable to an increased protein expression of hepatic CYP1A, 2B1/2, 2D and 3A, relative to that in control rats (Figure 1 ). Note that CYP2C11 decreased in DM rats (Figure 1) , as has been found earlier (Yamazoe et al., 1989; Shimojo et al., 1993; Kim et al., 2005; Sindhu et al., 2006) . The free fraction of oltipraz in plasma was comparable between control and DM rats.
In DM rats, the AUC of p.o. oltipraz was also significantly smaller (53.1% decrease) than that in control rats (Table 3) , as has been reported (Bae et al., 2006b) . Again, this was not likely to be due to the decreased gastrointestinal absorption of oltipraz in DM rats. The estimated 'F unabs' values were 3.68% and 3.12% for control and DM rats respectively. In DM rats, the 53% decrease in p.o. AUC (Table 3) was somewhat greater than 37% decrease in i.v. AUC (Table 2 ). This could have been due to an increased intestinal metabolism of oltipraz in addition to increased hepatic metabolism of oltipraz in DM rats. The increased intestinal metabolism of oltipraz in DM rats could be supported by the significantly faster (35.1% increase) intestinal CLint than that in control rats. The faster intestinal CLint of oltipraz in DM rats could have been due to increased intestinal CYP1A (Al-Turk et al., 1981) , because CYP3A is decreased in DM rats (Borbás et al., 2006) . The above results could explain why the F value was lower in DM rats, than that in control rats (Table 3) .
In LCD rats, the AUC of i.v. oltipraz was significantly greater (40.6% increase) than that in control rats, possibly as a result of the significantly slower CL (16.4% decrease) in LCD rats ( Table 2 ). The slower CL of oltipraz in LCD rats could be supported by significantly slower (35.3% decrease) hepatic CLint for the disappearance of oltipraz (Table 2) than that in control rats. The slower hepatic CLint could be attributed to a significantly decreased protein expression of CYP2C11 and 3A compared with that in control rats, because expression of CYP1A protein increased, but that of CYP2B1/2 and 2D was comparable to that in control rats (Figure 1) . The free fractions of oltipraz in plasma were comparable between control and LCD rats. No studies on changes in hepatic blood flow rate in LCD rats have yet been reported.
In LCD rats, the AUC of p.o. oltipraz was also significantly greater (53.1% increase) than that in control rats (Table 3) . Again, this was not likely due to an increased gastrointestinal absorption of oltipraz in LCD rats. The estimated 'Funabs' values were 3.68% and 5.63% for control and LCD rats respectively. In LCD rats, the 53% increase in p.o. AUC (Table 3) was somewhat greater than 41% increase in i.v. AUC (Table 2 ). This could have been due to decreased intestinal metabolism CY Ahn et al of oltipraz in addition to decreased hepatic metabolism of oltipraz in LCD rats. The decreased intestinal metabolism of oltipraz in LCD rats could be supported by significantly slower (44% decrease) intestinal CLint than that in control rats (Table 1) .
After i.v. administration of oltipraz to LC and LCD rats, the Vss was significantly smaller than that in control rats (25% and 19% decrease respectively; Table 2 ). Although the exact reason is not clear, this was not likely due to a decrease in free fractions of oltipraz in plasma from LC and LCD rats; the free fractions were rather greater than that in control rats (the free fractions of 12%, 30% and 21% for the control, LC and LCD rats respectively).
Changes in the CYP isozymes in patients with liver cirrhosis are somewhat different from those reported here in LC rats. For example, Elbekai et al. (2004) reported that in patients with liver cirrhosis, CYP1A and 3A levels and related enzyme activities are usually reduced and CYP2B and 2C are mostly unaltered. Yang et al. (2003) reported that in patients with liver cirrhosis, the enzyme activity, protein expression and mRNA level of CYP3A was reduced. Frye et al. (2006) reported that in patients with liver disease, CYP2C11, 1A2, 2D6 and 2E1 decreased. Only antipyrine metabolism was reported in patients with type I diabetes mellitus. For example, Sotaniemi et al. (2001) reported that in patients with insulin-responsive, untreated type I diabetes, antipyrine metabolism (markers of CYP1A2, 2B6, 2C and 3A) was clearly increased. However, changes in CYP isozymes in patients with liver cirrhosis and type I diabetes mellitus did not seem to be reported. Moreover, Wiwi and Waxman (2004) reported that endogenous regulation of CYPs showed pronounced species differences, particularly of CYP2C isoforms. Thus, the present experimental data in rats should be extrapolated with care to the human situation.
In conclusion, compared with control rats, the protein expression of CYP1A and 3A increased and decreased, respectively, and that of CYP2B1/2 and 2D was comparable in LCD rats (Figure 1) . Thus, it could be expected that the pharmacokinetic parameters of oltipraz in LCD rats would be fully or partially (in between DM and LC rats) restored to the values in control rats. This could be supported by the following; in LCD rats, the CL, terminal t 1/2 and MRT of oltipraz after i.v. administration (Table 2) , and terminal t1/2 and F of oltipraz after p.o. administration (Table 3) were fully restored to those in the control rats. In LCD rats, the in vitro Vmax and CLint for the disappearance of oltipraz (Table 1) , and AUC of oltipraz after i.v. (Table 2 ) and p.o. administration (Table 3) were in between LC and DM rats (partially restored to those in control rats). Data are expressed as mean Ϯ SD (control and LC, n = 8; DM, n = 9; LCD, n = 6). Values of each parameter with different marks ( † , *, # , § ) are significantly different; P < 0.05.
